To investigate which of the currently applied parameters to assess childhood overweight best predict cardiovascular risk factors. DESIGN: Cross-sectional study comparing ®ve different methods to de®ne overweight with respect to their power to predict cardiovascular risk factors. SUBJECTS: A total of 838 healthy children from the Prevention-Education-Program (Nuremberg, Germany; age 4 ± 9 y, 405 boys, 433 girls). MEASUREMENTS: Obesity parameters Ð body mass index (BMI), ponderal index (PI), the sum of triceps and subscapular skinfold thickness (SFT), percentage body fat (%BF) using SFT and two different regression formulas (Slaughter, %BF-SL; Dezenberg, %BF-DZ). Overweight de®ned by the 90th age-and sex-speci®c percentile of each obesity parameter. Comparison of LDL-and HDL-cholesterol, apolipoprotein-B (apo-B), triglycerides (TG), ®brinogen and blood pressure values (SBPaDBP) between normal-weight and overweight children. RESULTS: When overweight is de®ned by BMI or PI, all cardiovascular risk factors are signi®cantly (P`0.01) different between overweight and normal-weight children (BMI: TG 20.5%, HDL-chol. 7 8.6%, LDL-chol. 9.6%, apo-B 6.8%, SBP 7.4%, DBP 8.6%, ®brinogen 13.2%; PI: TG 24.3%, HDL-chol. 7 6.1%, LDL-chol. 9.0%, apo-B 7.4%, SBP 5.9%, DBP 6.7%, ®brinogen 13.9%), while SFT, %BF-SL and %BF-DZ did not predict all cardiovascular risk factors. A sex-speci®c analysis showed that in girls BMI and PI both predict cardiovascular risk factors, while in boys this is only valid for BMI. CONCLUSION: In prepubescent children, height-to-weight indices such as BMI or PI better predict cardiovascular risk factors than obesity parameters using skinfold measurement. The BMI may be superior to the PI as the association between BMI and cardiovascular risk factors is less affected by gender.
Introduction
Overweight and obesity are associated with increased morbidity and mortality.
1,2 Different obesity parameters are currently used to differentiate between normal-weight, overweight and obese subjects. As cardiovascular diseases are major complications of overweight and obesity, 1 ± 3 an ideal obesity parameter should predict cardiovascular risk to facilitate further screening and treatment decisions.
In adults, the body mass index (BMI) represents a good parameter to describe overweight and obesity, as it estimates body fat by simple means 1 and predicts cardiovascular risk and mortality. 3 In children it is not known which of the available obesity parameters can best predict the increased risk for obesity-related diseases and mortality.
An expert committee recommended the use of the ageand sex-adapted BMI to assess childhood overweight and obesity, 4, 5 but a direct comparison to other commonly used obesity parameters such as the ponderal index (PI, 6 ± 9 ) percentage body fat (%BF 10 ± 12 ) and skinfold thickness (SFT 6, 7 ) with respect to their power to predict cardiovascular risk factors has never been systematically performed.
In the present study we evaluated which of the currently applied obesity parameters (BMI, PI, %BF-SL, %BF-DZ, SFT) best predict increased cardiovascular risk in healthy prepubescent children. The index allowing the best and most uniform prediction of the presence of cardiovascular risk factors in overweight children was judged to be the most useful obesity parameter.
Subjects and methods

Study population
The study population consists of children participating in the Prevention Education Program (PEP), which is a homebased and family-oriented intervention program, aimed to assess and improve cardiovascular risk factors in school children and their families living in the Nuremberg area. 13 We included all children aged 4 ± 9 y who were recruited between 1994 and 1997 and who had completed the entire evaluation program including determination of blood pressure, anthropometric parameters and blood lipids.
The study population consists of 405 boys (mean age 6.51 AE 1.14 y) and 433 girls (mean age 6.46 AE 1.13 y). All children were classi®ed according to age using 2 y intervals (boys 4 ± 5 y, n 42; 6 ± 7 y, n 306; 8 ± 9 y, n 57; and girls 4 ± 5 y; n 50; 6 ± 7 y, n 324; 8 ± 9 y, n 59).
Methods
In each child we determined blood pressure (BP), height and weight, triceps-and subscapular skinfold thickness and a lipid pro®le including LDL-cholesterol, HDL-cholesterol, triglycerides, apolipoprotein B (apo-B) and the apolipoprotein-E (apo-E) phenotype. Plasma ®brinogen was measured in a subgroup of 164 boys and 154 girls.
Physical examination.
Body weight was measured by a digital scale (SECA, Hamburg, Germany) and body height was determined by a stadiometer. Skinfolds (triceps, subscapular) were determined according to WHO-standards on the left side to the nearest 0.1 mm using a Holtain skinfold caliper (GPM-caliper, Zurich, Switzerland). All skinfold measures were done by trained staff. Depending on the observer the coef®cients of variation ranged between 2.0% and 5.1% for the triceps and between 3.3% and 5.4% for the subscapular skinfold. All skinfold measures were done in triplicate and mean values were used for analysis. After resting for 5 min blood pressure (BP) was measured in the sitting position using an appropriate sized cuff on both arms. 14 The systolic (SBP) and diastolic (DBP) BP used for analysis is derived from the mean BP measured on both arms.
Laboratory determinations. Fasting plasma was obtained in every child. Total cholesterol and triglycerides (TG) were measured enzymatically by an autoanalyzer (Epos, Eppendorf, Hamburg, Germany). HDL-cholesterol was determined after precipitation of apo-B containing lipoproteins by magnesium chloride and phosphotungstic acid. LDL-cholesterol was calculated by the formula of Friedewald 15 because no child showed a plasma triglyceride concentration exceeding 400 mgadl. Apo-B and ®brinogen levels were determined from an aliquot by immuno-nephelometry (Behring Laser Nephelometer, Marburg, Germany). All values were determined in duplicate. The apo-E phenotype was determined directly from delipidated plasma using isoelectric focussing and immunoblotting as described by Havekes. 16 Parameters of obesity. BMI (kgam 2 ) and PI (kgam 3 ) were calculated from weight and height. The skinfold thickness (SFT, mm) was determined from the sum of the triceps and subscapular skinfold. Percentage body fat was determined by the formula described by Dezenberg 12 (%BF-DZ) using the triceps skinfold and the sex-speci®c equations evaluated for 4 to 11-y-old Caucasians and by the formula described by Slaughter 17 for prepubescent children (%BF-SL). The 90th age-and sex-speci®c percentile (P) of each obesity parameter was used as the cut-off point between normal-weight (`90th P) and overweight ( ! 90th P) children. The mean relative differences of plasma lipid (TG, HDL-cholesterol, LDL-cholesterol, apo-B) and ®brinogen concentrations as well as SBP and DBP values were compared between normal-weight and overweight children.
Odds ratios were calculated to indicate the relative risk of cardiovascular risk factors in overweight compared to normal-weight children. Hypertriglyceridemia was de®ned as TG ! 130 mgadl, 9 LDL-hypercholesterolemia as LDLcholesterol b 130 mgadl, 18 low-HDL-cholesterol as HDLcholesterol`35 mgadl 18 and arterial hypertension as the SBP or DBP exceeding the 95th age-speci®c percentile. 14 Statistics. All differences in biologic parameters between normal-weight and overweight children were evaluated by non-parametric tests. For all analyses, the distribution of the apo-E-phenotype distribution was compared between normal-weight and overweight children using the w 2 -test. Phenotypes E2a2 (n 4) and E4a4 (n 8) were too rare for statistical evaluation, and thus evaluated together with E2a3 (E2a2) or E3a4 (E4a4). Children with the phenotype E2a4 (n 12) were excluded from this analysis. The odds ratios were evaluated by the w 2 -test. The differences between normal-weight and overweight children were evaluated by the Mann ± Whitney-test. Correlation coef®cients (sex-speci®c, corrected for age, two-tailed test of signi®cance) between different parameters of obesity and cardiovascular risk factors were determined. Table 1 shows the mean AE sd of anthropometric parameters and cardiovascular risk factors in boys and girls. %BF is Parameters of childhood obesity HC Geiû et al higher in girls compared to boys, whereas age and BMI are not different. Furthermore, girls show higher LDL-cholesterol, apo-B and TG concentrations, but lower HDL-cholesterol, while there was no difference in blood pressure, ®brinogen and in the apo-E-phenotype distribution. Compared to a current national 19 and international 20 standard using BMI-percentiles to de®ne childhood obesity, the prevalence of obesity was slightly elevated in boys (3.5 vs 3.0%, 19 2.7 vs 1.6% 20 and in girls (3.7 vs 3.0, 19 3.5 vs 1.7% 20 ). However, boys and girls were less overweight compared to the national reference (boys 5.2 vs 7.0%, girls 6.5 vs 7.0%, 19 ) but comparable or slightly more overweight compared to the international standard (boys 8.6 vs 8.5%, girls 10.4 vs 9.4% 20 ). To evaluate different obesity parameters with respect to their prediction of cardiovascular risk factors, all children equal or exceeding the 90th age-and sex-adjusted percentile of BMI, PI, SFT, %BF-SL and %BF-DZ were de®ned as overweight ( Figure 1 ). Using the BMI or the PI as obesity parameter, normal-weight and overweight children differ signi®cantly in all cardiovascular risk factors (BMI: TG 20.5%, HDL-cholesterol 7 8.6%, LDL-cholesterol 9.6%, apo-B 6.8%, SBP 7.4%, DBP 8.6%, ®brinogen 13.2% in overweight vs normal-weight children; PI: TG 24.3%, HDL-cholesterol 7 6.1%, LDL-cholesterol 9.0%, apo-B 7.4%, SBP 5.9%, 5.9%, DBP 6.7%, ®brinogen 13.9% in overweight vs normal-weight children), whereas %BF-DZ, %BF-SL and SFT fail to show differences in LDL-cholesterol and apo-B concentrations as well as in the HDL-cholesterol (%BF-SL, SFT) or ®brinogen (%BF-DZ).
Results
Strati®cation by gender revealed that no obesity parameter predicts the presence of all cardiovascular risk factors Figure 1 The 90th percentile of BMI, PI, %BF-SL, %BF-DZ and SFT in boys and girls aged 4 ± 5, 6 ± 7 and 8 ± 9 y.
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HC Geiû et al in overweight boys (Figure 2a) , although the BMI performed better than any other parameter as it predicted all cardiovascular risk factors except LDL-cholesterol and apo-B. In girls, obesity de®ned by BMI predicts the presence of all cardiovascular risk factors, while PI did not predict lower HDL-cholesterol ( Figure 2b ). As the Slaughter-equations are not suf®ciently validated for children younger than 6 y, the analysis was repeated for Figure 2 (a) Relative differences between normal-weight (`90th P) and overweight ( ! 90th P) boys (n 405) (a) and girls (n 433) (b) with respect to cardiovascular risk factors.
Parameters of childhood obesity HC Geiû et al children aged 6 ± 9 y. However, also in this subgroup, % BF-SL did not better predict cardiovascular risk factors than BMI or PI (data not shown).
The differences between normal-weight and overweight children with respect to lipid concentrations were not related to the apo-E-phenotype, as the apo-E-phenotype distribution was similar between normal-weight and overweight children (P b 0.27, w 2 -test). All parameters of obesity only correlated weakly with cardiovascular risk factors (Table 2) . Overall, weight-toheight indices correlated slightly better with cardiovascular risk factors than indices based on skinfold measurement. Furthermore, with the exception of HDL-cholesterol all correlations were somewhat stronger in girls compared to boys.
The relative risk for the presence of cardiovascular risk factors in overweight children (de®ned by the 90th percentile) is shown in Table 3 . When overweight is de®ned by BMI or PI there is a signi®cant increase in the relative risk for the presence of hypertriglyceridemia, LDL-hypercholesterolemia and hypertension. Overweight de®ned by %BF-DZ, %BF-SL, or SFT fails to indicate an increased relative risk for LDLhypercholesterolemia. In addition, the obesity index %BF-DZ does not predict hypertriglyceridemia.
Discussion
Obesity parameters using weight-to-height indices such as the BMI and the PI are better predictors of cardiovascular risk factors than parameters estimating %BF by skinfold measurement (SFT, %BF-DZ, %BF-SL) in healthy 4 to 9-y-old children. While PI and BMI were equivalent in girls, BMI predicted risk factors in boys much better than PI. Thus, overall BMI is the most useful parameter in assessing childhood obesity, when the presence of cardiovascular risk factors is a major concern.
Previous studies have indicated that in adults 2 and children 4,5 the BMI re¯ects body fat mass and that BMI and cardiovascular morbidity and cardiovascular mortality are correlated with each other. 3,21 ± 23 Therefore, BMI has been recommended as an appropriate parameter to de®ne obesity in adults 1,2 and, more recently, in children. 4, 24 However, it was also shown that childhood obesity de®ned by other obesity parameters (PI, 7, 25 weight-for-height, 26 and skinfold thickness 7 is associated with increased cardiovascular risk 7, 25 and mortality. 26 Thus, we compared these commonly used obesity parameters with respect to their power to predict the presence of cardiovascular risk factors.
Our analysis refers to healthy children, which are comparable to a national reference standard which was recently calculated from over 34 000 1 to 18-y-old children recruited between 1985 and 1995 in Germany. 19 Compared to a new international reference standard (six nations, over 60 000 children 20 ), the prevalence of overweight and obesity is slightly higher in our study group. Furthermore, our analysis was done on the basis that being equal or exceeding the 90th sex-and age-speci®c percentile de®nes overweight. Although such a cut-off point is arbitrary, a recent publication indicates that overweight (boys BMI b 89.9th P, girls BMI b 88.9th P) 2 to 18-y-old children track to the cut-off point commonly used to de®ne adult overweight (25 kgam 2 ) when they become 18 y old. 20 The analysis was repeated with other commonly used cutpoints such as the 85th P and 95th P (Table 4 ). However, the Children aged 6 ± 9 y. Normal-weight and overweight children were not signi®cantly different with respect to age (P b 0.19 for all groups, w 2 -test).
Parameters of childhood obesity HC Geiû et al use of these cut-off points did not affect the conclusions of our study. We repeated the analysis in children de®ned as obese by an international standard 20 to examine whether the above mentioned results also held true in this context. In boys (Table 4a ) and girls (Table 4b ) BMI best predicts cardiovascular risk factors. However, the results were not as unequivocal as when lower percentiles (85th ± 95th P) are used. This is most likely related to the low number of subjects in these groups.
Another approach to examining the relationship between different obesity parameters and cardiovascular risk factors is the use of correlation coef®cients. However, similar to other studies, 11, 25 all parameters of obesity only correlated weakly with cardiovascular risk factors in our study (Table 2 ). This may be related to the fact that the associations may not be linear. 9 Although a previous study suggested that PI is a better parameter of obesity than BMI in children aged 10 ± 15 y, 8 we found that both parameters similarly predict cardiovascular risk in prepubescent children. Our results are comparable to ®ndings from another study which describes a similar increase in the relative risk for the presence of cardiovascular risk factors in obese children de®ned by the 95th BMI or PIpercentile. 9 The separate analysis of boys and girls revealed considerable sex-speci®c differences between BMI and PI. While BMI predicted cardiovascular risk factors in both sexes, PI failed to do so in boys.
Although BMI most uniformly predicted cardiovascular risk factors in both genders, the prediction of adverse lipid levels was stronger in girls than in boys. The reason for this ®nding is unknown, but differences in age or in the apo-E phenotype distribution can be excluded and differences in the hormonal status are unlikely as both genders are prepubescent. However, sex-related differences in physical acitivity or dietary behavior may account for this observation. In a previous study, prepubescent boys showed an increased level of physical activity compared to girls 27 which may explain a more favorable lipid pro®le.
Our results show that parameters of obesity based on the estimation of body fat by skinfold measurement (SFT, %BF-SL, %BF-DZ) have no advantage compared to height-toweight indices. The measurement of skinfolds was made by trained staff with a good reproducibility of measurement (coef®cient of variation`5.5%). In addition, we used the triceps and subscapular skinfolds, which are relatively precise to measure as they are determined at well-de®ned sites. Nevertheless determination of skinfold thickness is never as precise and reproducible as the measurement of height and weight. This may, at least in part, explain why height-toweight indices are better predictors of cardiovascular risk factors than indices based on skinfold thickness.
The application of the Slaughter formula, 17 which was derived from hydrodensitometry, was not superior to measurement of skinfolds alone. As the application of this equation is of unknown validity for children below 6 y, 28 we repeated the analysis in 6 to 9-y-old children. However, the results in this subgroup were not different from those seen in the entire group.
We also evaluated the equation from Dezenberg, 12 which is based on another reference method (dual-energy X-ray absorptiometry, DEXA) and was validated for children aged 4 ± 11 y. This equation uses body weight and triceps skinfold thickness to estimate %BF. Although the Dezenberg formula is sex-speci®c, cardiovascular risk factors were not predicted uniformly in our population. %BF-DZ was an appropriate Table 4 Summary of the relative differences (%) between normal-weight and overweight boys (a) and girls (b) aged 4 ± 9 y with respect to cardiovascular risk factors. Using age-and sex-related percentiles calculated for each obesity parameter children were de®ned as overweight ( ! 85th P) or obese ( ! 95th P). An international BMI reference 20 was also used to de®ne obesity; the cut-off points used in Cole et al 20 (BMI ! 98.4 P in boys, BMI ! 98.3 P) correspond to the 97.3 P for boys and to the 96.5 P for girls in the study population. The relative differences between normal-weight and overweightaobese children are given for all parameters with at least borderline (P`0.07) signi®cance Parameters of childhood obesity HC Geiû et al obesity-parameter in boys, but failed to predict adverse lipid levels in girls. Our study may be limited by the fact that there was not an identical number of subjects in all age groups, as 6 to 7-y-old boys and girls were more frequent than children from the other age-groups. Thus, our results are predominantly valid for 6 to 7-y-old children. Furthermore, we did not include parameters describing body fat distribution such as waist-tohip ratio which additionally modulate cardiovascular risk. However, these parameters are regarded as ancillary rather than global obesity parameters. 24 Since the apo-E-polymorphism in¯uences plasma lipid concentrations and also modulates the association between various indices of obesity with serum lipids, 29 differences between normal-weight and overweight children with respect to plasma lipids could re¯ect differences in the apo-E-phenotype distribution. However, normal-weight and overweight children showed a similar apo-E-phenotype distribution.
In prepubescent children height-to-weight indices such as the BMI and the PI better predict cardiovascular risk factors than obesity parameters using skinfold measurement. BMI may be superior to PI as the association between BMI and cardiovascular risk is less affected by gender.
